The finding of pathogenic free-living amoebae (PFLA) in chlorinated domestic and swimming waters (2, 4, 5, 10, 14) has led to an expression of concern by public health authorities over the possible contraction of primary amoebic meningoencephalitis via these waters. Cerva (4) , after a review of 16 fatal cases of primary amoebic meningoencephalitis due to the use of an indoor chlorinated swimming pool, stated that, "the constant presence of numerous populations of the limax group of amoebae cannot be prevented even under the strictest observations of all routine safety measures applied to water systems of swimming pools." In 1972, Anderson and Jamieson (2) reported a case of primary meningoencephalitis in South Australia, the victim having playfully submerged his head in domestic bath water. They also reported that superchlorination to 10 mg-liter-' had failed to eradicate Naegleria from a contaminated pool. Subsequently, Derreumaux et al. (11) demonstrated that 0.5 mg of HOCl, the active disinfecting component of chlorine disinfection, per liter was able to eradicate both Naegleria and Acanthamoeba spp. De Jonckheere and van de Voorde (10) found that an initial concentration of chlorine between 0.5 and 1.0 mg-liter-' was cysticidal for Naegleria spp. but that Acanthamoeba culbertsoni cysts were not inactivated by 40 mg.liter-'.
The present study was initiated to assess the effectiveness of chlorine, chlorine dioxide, ozone, and deciquam 222 against pathogenic and nonpathogenic species of Naegleria and Acanthamoeba.
MATERIALS AND METHODS
Culture of amoebae. Naegleria gruberi (P1200f) and Naegleria fowleri (MsT) were (ii) Chlorine dioxide. Chlorine dioxide was produced as recommended by the American Public Health Association (1).
A total of 5.0 g of sodium chlorite was dissolved in 375.0 cm3 of chlorine-free, deionized water and placed in a flask. A total of 1.0 cm3 of concentrated H2SO4 was added to 9.0 cm3 of deionized water, mixed, and placed in a funnel above the flask. A smooth current of air was passed through the flask, and 5.0-cm3 increments of the H2S04 were introduced into it at 5.0-min intervals. The airflow was continued for a further 30.0 min, and the resulting solution was stored in a brown bottle at 40C.
(iii) Ozone nation in practice involves breakpoint chlorination to establish and subsequently maintain an acceptable residual concentration (FAC) for disinfection. In New Zealand, this varies from 0.1 to 0.2 mg-liter-' for potable water and from 0.5 to 0.8 mg-liter-' for recreational waters. In a swinmning pool situation, the more organic pollutants there are introduced by the bathers, the more FAC that will be needed for adequate disinfection. Thus, there is need for continual testing of the water to assess the fluctuating chlorine demand of the water. It is important to remember that chlorine, as well as the other disinfectants, will have an indirect effect on PFLA in potable waters by denying the amoebae their bacterial food source as most bacteria are destroyed at levels of 0.1 mg of chlorine per liter (24) , thus starving the amoebae and forcing them to encyst. It has been shown that the cyst stage is noninfective (7). Table 2 shows that chlorine dioxide is also an effective disinfectant against PFLA. Again, Acanthamoeba spp. were more resistant to the disinfectant than Naegleria spp. Because it forms a stable residual and is active at an alkaline pH, chlorine dioxide may be a valid alternative to chlorine, particularly in waters with a high ammonia content. Its main disadvantage is that it is easily expelled from solution and is highly explosive in its gaseous form (Table 3) .
Because of the recent association of organohalides, formed in potable water by chlorination, with certain cancers, ozone is receiving more favorable attention. Its high germicidal properties and lack of toxic end products make it a viable alternative to chlorine (20) . Under similar conditions, it is generally agreed that ozone is a more potent bactericide than chlorine, with concentrations as low as 0.04 mg of ozone per liter being effective against Escherichia coli (13) . Table 2 demonstrates that ozone is amoebicidal, but only at much higher concentrations than those of chlorine or deciquam 222. Table 2 also shows a high ozone demand, as reflected in the difference between the initial and final concentrations of ozone. No differences in sensitivity to ozone were detected between Naegleria spp. and Acanthamoeba spp.
The results in Table 2 show that deciquam 222 is a very potent amoebicide, being approximately 20 times more effective than chlorine. Its (23) . The optimum pH range of quarternary ammonium compounds is usually between 6.4 and 9.6, and their biocidal activity is accelerated with increasing temperature (21) . Quarternary ammonium compounds do not react with water, and therefore, there is no quarternary ammonium compound demand; because of this, possibilities for recycling exist (22) . Quarternary ammonium compounds are, however, inactivated by hard waters.
Deciquam 222, chlorine, chlorine dioxide, and ozone have all been shown to possess disinfecting properties against PFLA, but concentrations higher than those used against bacteria are needed. Furthermore, the possession of resistant amoebic cysts complicates the disinfection process. Of the four disinfectants examined, deciquam 222 proved to be the most effective amoebicide, followed by chlorine, chlorine dioxide, and ozone. The final choice of a particular disinfectant, however, must remain tied to the physical and chemical parameters of the water to be disinfected. The necessity for an effective disinfectant can be judged by the increasing number of isolations of free-living amoebae from potable and recreational waters (2, 4, 5, 6, 14, 15) . The majority of amoebae isolated after disinfection in this study belong to the genus Acanthamoeba, indicating the greater resistance of Acanthamoeba spp. to chlorine as compared with Naegleria spp. Striking an optimistic note, Lyons and Kapur (14) concluded, after a survey of 30 halogenated public swimming pools, that the low amoebic densities (<c1 liter-') in the majority of pools illustrated that these organisms could be adequately controlled by proper pool maintenance.
